Recent studies have demonstrated a performance benefit when interacting in natural compared to urban environments. Presently, we are interested in testing whether visual search performance would differ depending on environmental exposure. We exposed participants to images of either natural scenes or urban scenes and asked them to complete a visual conjunction search (identifying the letter O embedded in an array of Q's). Consistent with existing literature, findings revealed that participants were more accurate at identifying targets when they were exposed to images of nature relative to participants exposed to images of urban environments.
INTRODUCTION
Visual search commonly occurs in a number of diverse environments; a search and rescue volunteer may search for a lost subject or a driver may search for the correct street to turn down. Both of these visual search tasks could take place in either natural or urban environments. In the military, a common visual search task involves identifying enemy targets, be it from aerial photographs or in the field. Imagine the following military visual search situation where a Special Forces sniper team is ordered to search for an enemy, responsible for the mass genocide of thousands of people, and eliminate this threat. This type of military search situation may take place in a natural environment (e.g., a wilderness setting with trees and plant life largely occupying the visual field) or an urban setting (e.g., a city with manmade objects like high-rise buildings and vehicles largely occupying the visual field). Both of these environments contain a number of distractions; however the distractions themselves are very different. Would these distractions impact the sniper teams' visual search if they had to detect the enemy in a natural compared to an urban environment?
A growing body of literature in environmental psychology, as well as cognitive psychology, has begun to lay the groundwork towards finding an answer to this question. Research in attention has identified a restorative attentional benefit when people interact in a natural environment compared to when people interact in an urban environment (see Kaplan, 1995; Kaplan & Berman, 2010) . One theory that attempts to explain this benefit is Attention Restoration Theory (Kaplan, 1995 , Kaplan & Berman, 2010 . When attention is divided into involuntary attention and directed attention (sometimes referred to as voluntary attention), the theory dictates that directed attention is more likely to be restored when interacting with a natural environment than with an urban environment (Berman, Jonides, & Kaplan, 2008) .
According to Attention Restoration Theory, the mechanism underlying the restorative benefit is that the stimuli in nature (e.g., a waterfall or trees) invoke involuntary attention (bottom-up resources) instead of directed attention (top-down resources). Invocation of involuntary attention resources allows directed attention resources to rest and be restored. On the other hand, stimuli in urban environments (e.g., street signs or automobiles), invoke directed attention resources, minimizing the chances of restoration. As a result, researchers find the restorative attentional benefit in nature but not in urban environments due to the constant use of directed attention in urban environments (Kaplan, 1995) . In short, the use of involuntary attention in nature allows directed attention to be restored; a process that is largely inhibited in urban environments (Kaplan, 1995; Kaplan & Berman, 2010 ).
An ample body of related research reveals that interacting with natural environments has numerous positive benefits on health compared to interacting with urban environments, (for a review see Bowler, Buyung-Ali, Knight, & Pullin, 2010) . One health-related study found that interacting with natural environments facilitated faster post-operative recovery in hospital patients. Patients who were in recovery in a suburban hospital and assigned to a room with a view of a natural environment stayed in the hospital for a shorter period of time than patients who were assigned to a room with a view of a brick building. The patients who viewed a natural environment also received more positive evaluations from hospital staff and took less pain reducing medication (Ulrich, 1984) .
Some clinicians dealing with depression related illnesses have even provided a comprehensive guide outlining beneficial ways to interact with nature in order to improve mental health (Townsend & Weerasuriya, 2010) . New evidence has demonstrated that taking a walk in a natural compared to an urban environment improves cognition and affect in patients who were suffering from Major Depressive Disorder (Berman et al., in press) . Simply being in the same room with foliage can improve performance on tasks that cause attentional fatigue (Raanaas, Evensen, Rich, Sjøstrøm, & Patil, 2011) .
A number of studies exist that have also demonstrated a restorative benefit from nature on various psychological tasks. Tennessen and Cimprich (1995) grouped participants based on the view from their dorm room window and found that college students who had a natural view from their dorm room performed better on tests of directed attention than students who did not have a natural view. In another study investigating the psychological benefits of interacting with nature, researchers depleted participants' directed attentional resources and found that both walking in nature (Study 1) and viewing pictures of nature (Study 2) improved participants' directed attentional performance (Berman et al., 2008) .
Genuinely experiencing natural environments first hand facilitates the restoration of directed attention. Interestingly, restorative benefits have also come from artificial, simulated natural environments, as well as pictures of natural environments (Berman et al., 2008; Berto, 2005; Hartig, Böök, Garvill, Olsson, & Gärling, 1996; Lauman, Gärling, & Stormark, 2003; Ulrich, 1991) . A recent experiment investigated the benefits of interacting with either an artificially simulated or actual natural environment on stress-related illnesses (Kjellgren & Buhrkal, 2010) . Researchers used a withinparticipants manipulation and found that when participants spent 30 minutes relaxing in a natural environment, a significant reduction in their stress level (as measured by a pre-and post-test) was shown. When participants relaxed in the simulation of a natural environment, performance improvements also took place. These findings provide support for testing the benefits of interacting with nature in laboratory settings. Based on this body of empirical findings that demonstrate a positive benefit from interacting in natural environments, we expect that visual cognition, specifically visual search, will also show a positive performance benefit when compared to urban environments.
Visual Search
A number of the studies described above elucidate an attentional benefit after exposure to natural environments and this is largely true for tasks that require the use of directed attention. One cognitive system involved with attention is the visual search system. The connection between attention and visual search involves overlapping activation in the brain. These regions of overlap seem to be critical in searching for a target when the person possesses knowledge about the target's features, potential locations, and temporal interval of appearance (Shulman et al., 2003) . Visual search can be a conjunction search; that is a goal-directed, top-down search, guided by knowledge. In a conjunction search, the participant actively searches for a target. On the other hand, the search may be a bottom-up feature search where the target "pops out" (Connor, Egeth, & Yantis, 2004) . A conjunction search would depend more on directed attentional resources than a feature search, which relies more on involuntary attentional resources.
Visual search is one of a number of psychological constructs that can be influenced by experimental priming manipulations. Priming manipulations that have influenced visual search vary in range from verbal to visual primes (for examples, see Chiao, Heck, Makayama, & Ambady, 2006; Hailston & Davis, 2006; Kristjánsson & Campana, 2010; Kunar & Humphreys, 2006; Laarni & Nyman, 1997; Lamy, Carmel, Egeth, & Leber, 2006; Lavie & Fox, 2000; Linnell & Humphreys, 2007; Rice, Clayton, Trafimow, Keller, & Hughes, 2008; Soto & Humphreys, 2006) . The impact of priming on conjunctive visual search may be somewhat underestimated (Kristjánsson, Wang, & Nakayama, 2002) .
Current Experiment
These recent findings in visual search experiments and the postulation that nature has a positive benefit on tasks requiring the use of directed attention, means that priming people with nature may also provide visual search with the same restorative benefit that other directed attention systems receive. In the current study, we employed a visual conjunction search task in which participants were instructed to look for a target letter among an array of distracters with accuracy, a common measure in visual search experiments, as the dependent measure (see Bergen & Julesz, 1983; Braun & Sagi, 1990; Eriksen & Spencer, 1969; Sagi & Julesz, 1985; Shiffrin & Gardner, 1972; Wolfe, 1998) . We compared the visual search accuracy of people exposed to images of natural versus urban environments in a simulated laboratory setting. Based on existing literature that shows a performance improvement resultant from natural environments, we hypothesized that participants would be more accurate in responding to targets when they were exposed to images of nature as opposed to images of urban environments.
METHOD Participants
Participants included 92 (61 female, 31 male) undergraduate students from New Mexico State University (M age =19.58 years, SD = 3.09 years). All participants had normal or corrected-to-normal vision and were not colorblind.
Apparatus and Stimuli
All tasks were completed using E-Prime 2.0 on a Dell computer with a 22 in. monitor with 1024 x 768 resolution and a refresh rate of 65 Hz. Viewing distance was controlled with a chin rest positioned 21 in. from the computer monitor.
The images of natural and urban environments were taken from an online search. The nature images consisted of natural landscapes, none of which contained manmade components. The urban images consisted of cityscapes that included primarily manmade components. There were a total of 25 images in each condition. Pictures were presented in random order and each of the 25 images (either natural or urban) appeared twice throughout the duration of the experiment (once before a target-present trial and once before a target-absent trial).
The visual search stimuli (taken from Rice et al., 2008) were composed of 25 letters that were arranged in a 5 x 5 invisible grid that was centered on the screen. Letters were an array of evenly spaced 'Q's, with either one 'O' present (target-present stimuli) or no 'O's present (target-absent stimuli). The letters were presented in Lucida Sans font with the letters separated by 5.64 degrees horizontally and by 4.18 degrees vertically from center to center. Each letter took up 1.47 x 1.35 degrees of visual angle. The letters were colored red and presented on a black background (see Figure 1 ). Participants were presented with 25 target present trials and 25 target absent trials making up 50 total search trials, all trials were presented in a randomized order for each participant.
Procedure
After providing written consent, participants were seated comfortably in front of a computer. Before the experiment began, participants were randomly assigned to either the Urban or Nature condition (the research assistant was blind to the purpose of the experiment). A between-participants design was employed, whereby participants were exposed to either an urban environment or a natural environment before completing the visual search task. Each urban/nature exposure consisted of two components. In the first component of the exposure, participants were given five minutes to imagine taking a walk through [an urban/a natural] environment and were asked to write about as many elements as they could come up with (e.g. sights, sounds, etc.) that they might encounter during this walk. Instructions were presented visually and the vignette read, "Please take a moment and imagine that you are walking through [the city/nature]. What would you see? What would you hear? What would you smell? Please type everything that you would experience on this walk through [the city/nature]." After five minutes elapsed, participants began the visual search task. The second component of the exposure occurred prior to each trial of the visual search task (pre-cue).
Each trial began with the presentation of an image of an urban or a natural scene (depending on condition, consistent with the first part of the exposure) for 1500 ms, followed by a visual search stimulus. Each visual search stimulus was presented for 2000 ms, after which participants were asked to determine whether or not a target ('O') was present (see Figure 1 ). They were instructed to press 'f' for no and 'j' for yes. Participants completed 50 trials and accuracy served as the dependent variable. 
RESULTS
A total of nine participants who performed at less than chance accuracy (<50%) were excluded from all analyses. The rationale for the present study was to evaluate visual search performance in different virtual environmental exposures. We analyzed participants' overall visual search accuracy (hits and correct rejections) between the Urban and Nature conditions with an independent samples t test (see Table 1 ). Participants in the Nature condition performed more accurately in the visual search task than participants in the Urban condition, t(81) = 2.25, p = .03, d = 0.62.
We also conducted an analysis on the total number of corrected hits. We did this by subtracting the total number of false alarms from the total number of hits per participant. The same pattern of results emerged (see Table 1 ). Participants in the Nature condition were more accurate than participants in the Urban condition, t(81) = 2.25, p = .03, d = 0.50. Finally, we conducted a signal detection analysis on the data by calculating a measure of sensitivity (d') as well as a measure of bias (C) (see Table 1 ). Participants in the Nature condition showed higher sensitivity to detecting the target than participants in the Urban condition [marginally significant: t(81) = 1.92, p = .06, d = 0.43]. The analysis of bias failed to reach significance, t(81) = 0.44, p = .66.
All three separate analyses on visual search accuracy converged on the same finding, consistent with prior research; participants who were exposed to natural settings showed superior visual search accuracy compared to participants who were exposed to urban settings. 
DISCUSSION
Several recent studies have found that there is a positive cognitive benefit that transfers to psychological tasks after being exposed to nature (Berman et al., 2008; Berto, 2005; Hartig et al., 1996; Kaplan, 1995 , Kaplan & Berman, 2010 Lauman et al., 2003; Tennessen & Cimprich, 1995; Ulrich, 1984) . In the present study, we examined visual search performance following natural compared to urban scene exposure; something that, as far as we are aware, has not yet been explored. Based on prior findings, we predicted that visual search accuracy would be superior when participants were exposed to natural compared to urban environments. We conducted a number of different analyses and the data in Table 1 support this hypothesis.
Previous research investigating the number of eye movements associated with viewing environmental scenes found that participants scanned scenes of natural environments more broadly than they scanned scenes of urban environments. The number of fixations in natural scenes was lower than the number of fixations in urban scenes. In other words, people do not seem to pause when viewing natural scenes but instead continuously view the entire scene (Berto, Massaccesi, & Pasini, 2008) . In tune with the current findings, the eye movements engaged while viewing the natural scene may have carried over to the visual search array. After briefly viewing the image of a natural or urban environment, we presented the visual search array for only 2000 ms and then removed the stimulus. After the array was removed, we asked participants to make a decision about whether or not a target was present. Congruent with Berto and colleagues' (2008) findings, it is possible that participants in the natural condition scanned the visual search stimulus more broadly than participants in the urban condition. If the visual scan was larger and took in more information, participants may have been able to view more of the array during the brief time period. Future research should investigate eye movements on visual search tasks after differential environment exposure, as this would help to illuminate the underlying mechanism responsible for the superior accuracy seen with natural relative to urban scene exposure. Of related interest, a recent study reported that oculomotor search strategies during simulated driving situations were affected by the visual search strategy used in a preceding unrelated search task (Thompson & Crundall, 2011 ).
An important point to highlight regarding the current study is that we did not deplete participants' attentional resources prior to each environment exposure. Importantly, it was not a goal of this study to draw any conclusions as to whether there is a restorative benefit on visual search resources after exposure to natural environments. Instead, we were mainly interested in investigating whether or not there would be a performance difference as a function of environmental scene exposure. Several studies that have investigated the benefits of interacting with nature have depleted participants' resources with various tasks, such as directed forgetting (Berman et al., 2008 ) or a sustained attentional task (Berto, 2005) . The fact that we were still able to detect a performance benefit of interacting with nature compared to urban environments, without depleting resources, provides strong evidence for the present findings. Alternatively, although the present experiment was rather short (lasting roughly 30 min), the visual search task we used in the present study may have been attentionally exhausting, so exposure to natural scenes may have resulted in a restorative benefit even though we did not intentionally drain resources. Similarly, exposure to nature may slow the onset of fatigue and this may also allow for the superior performance of an attentionally demanding task. All of these open questions are worthy of future investigation.
One issue that has yet to be explored is the impact that color has on the restoration of attention. An observable difference in the manipulation between natural and urban environments is the ample color in natural environments and the inherent dullness or grayness of urban environments. There is a vast amount of marketing research demonstrating the benefits of using specific colors in displays to attract consumer attention (e.g., Bellizzi, Crowley, & Hasty, 1983) and influence consumer attitudes (e.g., Moore, Stammerjohan, & Coulter, 2005) . In a recent study, Mehta and Rui (2009) conducted a number of experiments to test the effects of color on cognition. These researchers concluded that red enhanced the processing of details, while blue improved performance on tasks associated with creativity. However, as far as we are aware, this investigation of color has not been extended to studies investigating environmental exposure.
There are a few limitations regarding the present study that we would like to be up front about. First, the present experiments were conducted in a controlled laboratory setting. This is inherently different from an environment outside of the laboratory that often has additional sensory inputs (e.g., sounds and smells, etc.). Future research should investigate the generalizability of the present findings to more realistic visual search environments. Nonetheless, the fact that we were able to acquire differential performance in a laboratory setting remains an interesting finding. A second limitation of the present experiment was that we used both a verbal and visual environmental exposure. It remains speculative at this point which aspect of this exposure brought about the performance improvement; certainly deserving of future investigation.
One explanation for the present findings that may be worth considering is that it may be that urban images are more densely cluttered than natural images. It may be the lack of clutter in the natural images that is responsible for the superior performance in the Natural condition. It is necessary for future research to continue to investigate the mechanism responsible for this interesting effect and rule out associated alternative possibilities.
Practical Applications
The present research has several practical implications because visual search is an important, commonly occurring task and because surveillance occurs in both urban and natural environments. Additionally, an overwhelming body of research has demonstrated that people generally perform poorly at finding targets when those targets are uncommon, (the low prevalence effect; Wolfe, Horowitz, & Kenner, 2005) , for example, screening airport baggage for weapons or searching xray images for cancerous cells. There have been some efforts to improve these types of low prevalence searches (Schwark, Sandry, MacDonald, & Dolgov, in press; Wolfe et al., 2007) . It may be beneficial to conduct future research using the ideas set forth here in order to improve visual search accuracy in these low prevalence situations. One additional environment that uses frequent visual search is in office settings where people remain fixated on a computer screen for many hours per day. All of these environments would benefit from improved visual search accuracy.
Perhaps, the baggage-screening agent at the airport would perform a more proficient search if they were exposed to images of nature throughout their shift, or the radiologist would benefit from a bit of foliage in her office. Additionally, the office worker may benefit from a desktop background cycling through images of natural environments. Future research should investigate the benefits of interacting with nature in these real world visual search settings. In addition, the restorative benefits of nature may apply to other cognitive or perceptual systems outside of attention and visual search that have not yet been explored, certainly an open area for future investigation.
So what would happen if the sniper team mentioned at the beginning of the paper had to visually search for the enemy in a natural compared to an urban environment? From the present findings, it seems that the sniper team may have a better chance of finding the enemy if they were in a natural environment compared to an urban environment. At the same time, if the enemy read the current paper he or she could adhere to similar advice and hide in an urban environment -effectively boosting the chances of survival. Presently, we were interested in an applied question and generated a prediction by combining the literature on interacting with nature with the visual search literature. We found that exposure to a natural environment resulted in better performance on a visual search task relative to exposure to an urban environment.
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